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Color Scheme Legend:
----------------------------------------------------------
color		-	value		-	reference
----------------------------------------------------------
þÿ "Red		-	red3		-	Analog 5V Supply (e.g., for amps, ADC, references)
þÿ "Brown		-	orange1		-	Analog Ground (sensor/amp/ADC ground)
þÿ "Orange	-	orange3		-	Digital 5V Supply (MCU, digital circuits)
þÿ "Black		-	black		-	Digital Ground (MCU ground)
þÿ "Pink		-	magenta3	-	12V Source Supply (from 12V rail on backplane)
þÿ "Blue		-	blue3		-	Clock Signals (oscillator, ADC CLKIN, SPI SCLK)
þÿ "Green		-	green3		-	Analog Signals (amp outputs to ADC + inputs)
þÿ "Yellow	-	yellow3		-	SPI Control (CS, SYNC/RESET, etc.)
þÿ "Purple	-	#A020F0		-	Special/Reference/Control Signals
þÿ "Grey		-	gray2		-	Miscellaneous/Unassigned
þÿ "Teal		-	cyan2		-	Template/Backplane Connections
----------------------------------------------------------

RGB LED

Mounting Holes
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5V Switching Supply

Pinout Details Arduino Nano:
--------------------------------------------------------------------------------------------------------------------
Pin			| Function											| Limitations/Notes
--------------------------------------------------------------------------------------------------------------------
VIN			| External Supply Input								| External power source 7-12V
GND			| Ground											| First GND pin available for circuit grounding
RST			| Reset Input										| Active LOW
5V			| Regulated 5V Output								| Regulated +5V power rail; supplying +5V power here bypasses the regulator (risky/advanced)
A7-A6		| Analog Inputs (Input Only)						| 10-bit ADC; A6 & A7 are analog-only (cannot be used as digital I/O)
A5-A4		| Analog Inputs, I2C (SDA, SCL)						| Dual-function: analog input and I2C communication; use dedicated I2C devices
A3-A0		| Analog Inputs, Digital I/O						| 10-bit ADC resolution; can function as digital I/O when required
AREF		| Analog Reference Voltage Input					| For using an external analog reference add a decoupling capacitor, else leave unconnected
3.3V		| Regulated 3.3V Output								| Limited current (~50 mA max); supplying +3V3 power here bypasses the regulator (risky/advanced)
D13			| Digital I/O, SPI SCK, Onboard LED					| SPI clock signal; onboard LED connected to D13
D12			| Digital I/O, SPI MISO								| GPIO; SPI MISO
D11			| Digital I/O, SPI MOSI, PWM						| GPIO; PWM available; SPI MOSI
D10			| Digital I/O, PWM, SPI SS							| GPIO; PWM available; SPI Slave Select in master mode
D9			| Digital I/O, PWM									| GPIO; PWM output available
D8			| Digital I/O										| GPIO
D7			| Digital I/O										| GPIO; AIN[1](-) of internal analog comparator
D6			| Digital I/O, PWM									| GPIO; PWM available; AIN[0](+) of internal analog comparator
D5			| Digital I/O, PWM									| GPIO; PWM available
D4			| Digital I/O										| GPIO
D3			| Digital I/O, PWM, Dedicated Hardware Interrupt	| GPIO; PWM available; supports external interrupts
D2			| Digital I/O, Dedicated Hardware Interrupt			| GPIO; supports external interrupts
GND			| Ground											| Second GND pin available for circuit grounding
RST			| Reset Input										| Active LOW
D1			| Digital I/O, Serial TX							| Shared with USB-to-serial converter; in general do not use to avoid conflicts during programming
D0			| Digital I/O, Serial RX							| Shared with USB-to-serial converter; in general do not use to avoid conflicts during programming
--------------------------------------------------------------------------------------------------------------------
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output max (200mV)
= 2.5V -/+2V
= 0.5V to 4.5V

output typ. (96mV)
= 2.5V -/+0.96V
= 1.54V to 3.46V

output min (7mV)
= 2.5V -/+0.07V
= 2.43V to 2.57V

Typical North America AC
R_line = 125000ohm

V_line = 120V
I_prim = V_line / R_line = 0.96mA

Amplitude
Attenuation

Adjust.

max at max atten.
0.5V to 4.5V @10%

= (0.5V to 4.5V) * 0.1
= 0.05V to 0.45V

typ. at part. atten.
1.54V to 3.46V @25%

= (1.54V to 3.46V) * 0.25
= 0.385 V to 0.865V

min at min atten.
2.45V to 2.55V @100%

= (2.45V to 2.55V) * 0.1
= 2.45V to 2.55V

100k dig. pot.

Midsupply bias required
for both as we have

no negative supply rails
in this design

fc_h = 1/(2*PI*100kOhm*15nF)
fc_h = 1/[2*PI*1*(10^5)*15*(10^-9)]

fc_h = 106.1Hz

Isolated AC Voltage Sensor - Analog Output

Result

100k dig. pot.
257 tap

non-volatile memory

Lowest AC Regularly Used
R_line = 125000ohm

V_line = 9V
I_prim = V_line / R_line = 0.072mA

Low-pass
output max in

at max attenuation:

0.2V * 10 = 2V
final = 0.5V to 4.5V

output typ. in
at part attenuation
0.24V * 10 = 2.4V

final = 0.1V to 4.9V

output min at
min attenuation:

0.05V * 10 = 0.5V
final = 2V to 3V

Lowest AC Regularly Used
R_burden = 100ohm

I_secnd = 0.072mA (@9VAC)
V_burden = R_burden * I_secnd = 7.2mV

North America AC
R_burden = 100ohm

I_secnd = 0.96mA (@120VAC)
V_burden = R_burden * I_secnd = 96mV

Band-pass 2
Inverting

Maximum AC Design Point
R_burden = 100ohm

I_secnd = 2mA (@250VAC)
V_burden = R_burden * I_secnd = 200mV

--> A larger value resistor allows for a theoretically greater maximum current that can be sensed
without exceeding the current range of the unit. However, in application a larger range with

linear amplification will trade off resolution. Additionally, greater voltges lead to greater
power dissipation across the high side resistor which becomes a design and safety challenge.

Step-Down Isolation Transformer

Split over 5 resistors for part cost / availability
and to create a larger area for thermal dissipation

Digital Potentiometer
Gain Adjustment

Two-stage Band-pass Amplifier

We will design for 250V maximum since typically the highest
mains is 215-250VAC depending on the region.

ZMPT101x is a current transformer, it should be set 0.5-2mA.

--> primary winding is ~110ohms (largely negligible)

R_line = 2mA / 250V = 125000ohm

P_line = 250V * 2mA = 500mW = 0.5W

max
2VAC @10% = 2v * 0.1

= 0.2V

typ.
0.96VAC @ 25% = 0.96V * 0.25

= 0.24V

min
0.05VAC @ 100% = 0.05 * 1

= 0.05V

Voltage Divider
Midsupply Bias 1

Voltage Divider
Midsupply Bias 2

Av = -Rf / Ri
Av = -100/10
Av = -10 V/V

fc = sqrt((33.86)*106.1)
fc = 59.94 Hz

virtual gnd @ 2.5VDC

fc_l = 1/(2*PI*10kOhm*0.47uF)
fc_l = 1/[2*PI*1*(10^4)0.47*(10^-6)]

fc_l = 33.86Hz

High-pass

Band-pass 1
Inverting
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Av = -Rf / Ri
Av = -22/10

Av = -2.2 V/V

fc = sqrt((33.86)*106.4)
fc = 60.02 Hz

-ZMCT103C is a N.I.S.C. current transformer 0-10A with 5mA @ 5A (1:1000 ratio).
-ZMCT103D is a N.I.S.C. current transformer 0-10A with internal resistance of

150R and 2.5mA @ 5A (1:2000 ratio) resulting in 375mV.
-SCT-013-xxx is a family of N.I.S.C. current transformer from 5A to 100A max.

- xxx signifies its maximum current i.e. 010 is 10A and 000 is 100A
- xxx=000 is a current type output from 0-5mA w/ built-in TVS diode

- all others are voltage type output from 0-1V
*N.I.S.C. = non-invasive split-core

optional
burden
resistor

Non-Invasive Current Transformer

Result

SCT-013

-ZMCT103C: 0 to 10A maps 0 to 10mA w/
100ohm burden resistor results in 0 to 1000mV

-ZMCT103D: results in 0 to 375mV.
-SCT-013-000: 0 to 100A maps to 0 to 5mA w/

100ohm burden resistor results in 0 to 500mV
-SCT-013-xxx: (except xxx=000) result in 0 to 1000mV

fc_l = 1/(2*PI*10kOhm*0.47uF)
fc_l = 1/[2*PI*10*(10^3)0.47*(10^-6)]

fc_l = 33.86Hz

virtual gnd @ 2.5VDC

AC_LINE_2

High-pass

Band-pass 1
Inverting

Non-Invasive AC Current Sensor - Analog Output

fc_h = 1/(2*PI*22kOhm*68nF)
fc_h = 1/(2*PI*22*(10^3)*68*(10^-9))

fc_h = 106.4Hz

Band-pass 2
Inverting

100k dig. pot.

Amplitude
Attenuation

Adjust.

Two-stage Band-pass Amplifier
Low-pass

AC_LINE_1

*NOTE: this means we cannot amplify this first stage more than 2.5.
we should set around 2.0-2.3 to maximize amplification potential

for smaller signals without risking saturation of the amp.

Jumper select between onboard ZMCT
or off-board (audio jack) SCT-013
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